Trial 1, 135 crossbred cows with calves were used to compare limit-fed corn-hay diets with ad libitum hay and cracked with whole corn in limit-fed diets. Diets were to supply similar TDN intakes. Cow-calf pairs were fed treatment diets from 24 h after parturition until the beginning of the breeding season (62 ± 13 d). Cow and calf performance was not affected ( P > .05) by intake level or corn processing. In Trial 2, 48 crossbred primiparous cows with calves were used to determine the effect of adding 4% fat to a limit-fed corn-hay diet. Diets were to provide similar TDN intakes. Cow-calf pairs were fed treatment diets from 24 h after parturition until the breeding season started (79 ± 14 d). Cow weight, condition score change, and calf gain were not affected ( P > .05) by supplemental fat. Milk yield and composition were not different ( P > .05) 52 d postpartum. At 92 d postpartum, milk production was 65% greater ( P = .01) for cows that received supplemental fat. In Trial 3, four cannulated steers were used to evaluate the influence of corn processing and fat supplementation on digestion. Feeding cracked corn improved ( P < .05) DM and OM digestion compared with whole corn. Adding 4% supplemental fat did not influence ( P > .05) digestion. Limit-feeding a corn-hay diet is an alternative to feeding ad libitum hay that can accomplish similar cow and calf performance. Supplementation of 4% fat can be used in a limit-fed diet without detrimental effects on digestion, lactation, or cow and calf performance.
Introduction
Cost of producing, harvesting, and storing forage for beef cows is rising steadily. High-concentrate feeds are frequently less expensive than harvested forages when priced on an equivalent energy basis. Corn-based diets, fed at restricted intake, can be used to meet the nutrient requirements and lower feed costs of beef cows in gestation and early lactation (Loerch, 1996) .
There are limited data comparing whole to processed corn in lactating beef cow diets. Improvements in DM digestion have been observed when processed corn was fed at restricted intakes (Galyean et al., 1979b; Murphy et al., 1994) and in combination with forages (Cole et al., 1976a; Galyean et al., 1976) to feedlot steers.
Although adding fat increases energy density of the diet, it can have detrimental effects on fiber digestion (Zinn, 1989) . Adding fat to dairy diets fed for ad libitum consumption has been shown to improve milk yield (DePeters et al., 1987; Cant et al., 1993) . There are limited data regarding addition of fat to lactating beef cow diets that are fed at restricted intakes. The objectives of this research were to determine the influences of corn processing and supplemental fat in limit-fed diets on digestion and cow and calf performance.
Experimental Procedures

Trial 1
Angus × Simmental cows ( n = 63, yr 1; n = 72, yr 2; 596 ± 28 kg) with Simmental-sired calves (38.5 ± 2.2 kg) at the Orr Research Center (Baylis, IL) were used in three replications to evaluate three treatments over 2 yr. This resulted in nine pens with seven cowcalf pairs per pen in yr 1 and eight cow-calf pairs per pen in yr 2. Pens for wintering the cow-calf pairs were 11.0-× 10.7-m concrete lots with a 7-× 7-m open-front shed per pen. The sheds were bedded with wheat straw. Cow-calf pairs were blocked by calving date and randomly assigned to treatment within 24 h after parturition. The three treatments were 1 ) ad libitum hay, 2 ) limited whole corn with hay, and 3 ) limited cracked corn with hay (Table 1) . Cows receiving ad libitum hay were fed round baled alfalfa hay in wooden round bale feeders that had access only on one side. Hay fed and refused was weighed every 5 d and sampled for DM determination to estimate DM intake. Big square baled alfalfa hay was used in the limit-fed treatments. Limit-fed rations were fed as a total mixed diet and delivered to the bunks once daily using a mixing wagon with on-board scales. The bunks in each pen were 7.3 m long, which provided 1.0 and .9 m of bunk space per cow for yr 1 and yr 2, respectively. Hay bales used in the treatment diets were stored under cover. Nutrients of the feedstuffs were determined using near infrared radiospectrophotometry (NIR) analysis at Moorman Manufacturing Company (Quincy, IL) and are presented in Table 1 . The limited intake diets were fed to supply the same daily intake of CP and TDN based on a predicted intake of 12.7 kg for cows receiving the ad libitum hay diet. Cows and calves had ad libitum access to trace mineralized salt and water. All nutrients were supplied to meet or exceed National Research Council (NRC, 1984) recommendations. Prior to calving, cows had ad libitum access to round baled alfalfa hay. The cow-calf pairs were fed treatment diets starting 24 h after parturition. Cows calved between January 14 and April 20, 1993, in yr 1, and between February 4 and March 23, 1994 , in yr 2. Ambient temperatures ranged from −22.8 to 22.8°C with an average low of −2.4°C, an average high of 6.7°C, and a mean of 2.3°C during the winter feeding period in yr 1, and ranged from −14.4 to 27.8°C with an average low of −1.1°C, an average high of 10.0°C, and a mean of 4.6°C in yr 2. Cow-calf pairs received dietary treatments until the beginning of breeding (62 ± 13 d). After this time, cow-calf pairs were placed on a common pasture until time of weaning (138 and 130 d in yr 1 and yr 2, respectively). Cows were bred once by AI and then bulls were turned out with the cows. Initial cow weights and cow body condition scores ( BCS) on a 1-to-9 scale (Wagner et al., 1988) were taken within 24 h after calving, before feeding. Cow BCS was determined by the same two experienced evaluators at each time. Calf birth weight was used as initial calf weight. Final calf weight, cow weight, and BCS were taken after cows had been fed a common diet for 3 d and removed from feed and water for 16 h to reduce fill differences. Calf weight, cow weight, and BCS were taken at weaning (193 ± 17 d ) to determine subsequent performance. Calving rate was calculated as the number of cows that calved from the number of cows exposed. Over the 2 yr, four cow-calf pairs were removed from the study for reasons unrelated to treatment.
Trial 2
Angus × Hereford reciprocal cross primiparous cows ( n = 48; 367 ± 38 kg) with calves (33.5 ± 4.9 kg) at the Dixon Springs Agricultural Center (Simpson, IL) were used in four replications to evaluate two treatments. This resulted in eight pens with six cowcalf pairs per pen. Pens for wintering the cow-calf pairs consisted of a 3.7-× 6.1-m concrete lots with a 3.7-× 7.3-m area in a cover barn. Calves had additional access to a 3.7-× 3.7-m area of the barn. The area of the barn to which the calves had access was bedded with mixed grass hay. The remaining portion was not bedded. Cow-calf pairs were blocked by calving date and randomly assigned to treatment within 24 h after parturition. The treatments were limit-fed cracked corn and hay ( CON) and limit-fed cracked corn and hay with 4% supplemental fat ( FAT) as yellow grease (Table 2) . Square baled red clover hay was used as the hay source in both of the diets. Hay bales were stored under cover. The rations were weighed by hand and delivered to the bunks once daily as a total mixed diet. The bunks in each pen were 3.7 m long, which provided .6 m of bunk space per cow. Cows and calves had ad libitum access to trace mineralized salt and water. The diets were balanced to provide similar amounts of CP and TDN based on NRC (1984) Table 3 . The fat used in the diets contained 70% unsaturated fatty acids. Feed samples were taken on d 0, 30, and 60 of the treatment period. The samples were composited and analyzed for percentages of DM, OM, Kjeldahl N (AOAC, 1984) , NDF, and ADF (Goering and Van Soest, 1970) (Table 2) .
Before calving, cows received grass-legume mix hay and 1.2 kg/d cracked corn for ad libitum consumption. Cow-calf pairs were fed treatment diets starting 24 h after parturition. Cows calved between January 8 and February 20, 1995. Ambient temperatures during the winter feeding period ranged from −18.9 to 25.0°C, with an average low of −1.8°C, an average high of 8.3°C, and a mean temperature of 3.4°C. Cow-calf pairs received the treatments diets until the beginning of breeding season (79 ± 14 d). After this time, they were placed on a common endophyte-infected tall fescue ( Festuca arundinacea Schreb.) pasture for 150 d, until weaning. Cows were bred once by AI, and then bulls were turned out with the cows. Initial cow weights and BCS (1-to-9 scale) were taken within 24 h after calving, before feeding. Cow BCS was determined by the same two experienced evaluators at each time. Calf birth weight was used as initial calf weight. Final calf weight, cow weight, and BCS were taken after cows had been removed from feed and water for 16 h to reduce fill differences. Calf weight, cow weight, and BCS were taken at weaning (234 ± 12 d ) to determine subsequent performance. Calving rate was determined as the number of cows that calved from the number of cows exposed.
Milk production estimates and milk samples were obtained from the first two replications (12 cows/ treatment) on d 52 and 91 postpartum by machine milking with the procedure described by Buskirk et al. (1995) . Twelve-hour milk weights were multiplied by two to yield an estimate of 24-h milk production.
Trial 3
Four ruminally cannulated Holstein steers (538 ± 30 kg) were used in a 2 × 2 factorial arrangement of treatments in a 4 × 4 Latin square design with 14-d periods. Steers were housed in individual 10.1-× 3.6-m slotted floor pens at the Beef Unit (Urbana, IL). The following four treatments were used: 1 ) limit-fed whole corn and hay ( WC) , 2 ) limitfed whole corn and hay with 4% fat ( WC + FAT) as yellow grease, 3 ) limit-fed cracked corn and hay ( CC) , and 4 ) limit-fed cracked corn and hay with 4% fat ( CC + FAT) as yellow grease (Table 4) . Hay used in the diets was coarsely chopped square baled alfalfa hay. Diets were mixed, weighed, and fed once daily at 0800 as a total mixed diet. Steers had ad libitum access to trace mineralized salt and water. The diets were balanced to supply similar intakes of TDN and CP based on NRC (1984) table values. All nutrients were supplied to meet or exceed NRC (1984) recommendations for lactating primiparous beef cows.
Total tract digestibility, fluid dilution rate, particulate passage rate, ruminal VFA, and ruminal ammonia ( NH 3 N) were determined following the procedures described by Tarr et al. (1994) , with the exception of marker dosage. The amount of markers dosed were 7.5 g of Cr as Cr 2 O 3 , 10 g of CoEDTA, and 1.24 g of YbCl 3 ·6H 2 O. Rumen fluid and particulate samples were collected at 0, 1, 3, 6, 9, 12, 15, 18, 24, 30, 36, and 72 h after feeding. Fecal grab samples were collected d 11 through 14 every 6 h each day; the sampling times were advanced 1.5 h each day to yield 16 samples that represented a 24-h period. Feed samples were taken before and during each collection period and composited. Feed and fecal samples were dried at 55°C and ground through a Wiley mill equipped with a 2-mm screen. Samples were then analyzed for percentage of DM, OM, NDF, and ADF (Goering and Van Soest, 1970) . Feed samples were also analyzed for Kjeldahl N (AOAC, 1984) (Table 4 ). Gross energy was determined for the feed and fecal samples by bomb calorimetry (AOAC, 1984) . Digestible energy was determined as the difference between gross energy of the feed and feces.
For all trials, experimental procedures were conducted according to those approved by the University of Illinois Laboratory Animal Care Advisory Committee.
Statistical Analysis
Data for Trial 1 were analyzed using the GLM procedure of SAS (1990) for a randomized block design, and cow-calf pairs were blocked by calving date. Pen was used as the experimental unit. Dietary treatment, block, year, and their two-and three-way interactions were the independent variable, and cow and calf performance were the dependent variables. Orthogonal contrasts were used to compare hay and limited corn-hay treatments and whole and cracked corn.
In Trial 2, data were analyzed using the GLM procedures of SAS (1990) with pen as the experimental unit. The addition of supplemental fat, calvingdate block, and their two-way interactions were the independent variables, and the dependent variables were cow and calf performance, milk production, and milk composition.
Data for Trial 3 were analyzed according to the GLM procedures of SAS (1990) for a 2 × 2 factorial arrangement of treatments in a 4 × 4 Latin square design with animal, period, corn processing, fat supplementation, and corn processing × fat supplementation interactions as the independent variables. Total tract digestibility, ruminal fermentation characteristics, and passage rate data were the dependent variables. Regression analyses of the natural logarithm of ruminal marker concentrations over time were performed using the REG ® procedure of SAS (1990) . Fluid dilution rate and particulate passage rate were determined as the slope of the regression.
Results and Discussion
Trial 1
There were no two-or three-way interactions ( P > .05); therefore, least squares means of treatment effects are presented. Calculated DMI of cows receiving the hay diet ad libitum was on average 16.1 kg/d (Table 5) , which was higher than the predicted intake of 12.7 kg/d. Some of the difference between predicted and calculated intake may have been due to calves consuming some of the hay or not being able to recover 
a HAY = ad libitum hay, WC = limit-fed whole corn-hay, CC = limit-fed cracked corn-hay. b Body condition score (1-to-9 scale). c From end of winter feeding period until weaning. all of the orts. This increase in estimated intake for cows receiving ad libitum hay resulted in the higher calculated TDN intake than that of cows receiving limited intake diets. Calves on the limit-fed treatments were not restricted from consuming the treatment diets; however, none was observed eating the diets. Although calculated TDN intake was higher for cows receiving ad libitum hay, these cows and cows receiving the limited intake diets lost similar ( P > .05) amounts of weight. Loerch (1996) observed similar performance when cows received either ad libitum hay or were limit-fed corn during gestation and postpartum. Susin et al. (1995) reported that when ME intake per day was similar, mature ewes maintained body weight when they were fed restricted levels of a high-concentrate diet, but they lost weight while fed high-forage diets. Reflective of cow weight changes, cow BCS decreased during the winter feeding period. Change in BCS was not affected ( P > .05) by the level of intake. Loerch (1996) observed that cows wintered on ad libitum hay lost more body condition than those receiving limit-fed corn in Trials 1 and 3, but there was no significant difference in loss of body condition in Trial 2. Feeding processed corn in the limit-fed diet did not have an effect ( P > .05) on cow weight or BCS change compared with feeding whole corn. Cow weights at weaning were not different ( P > .05), and there was no difference ( P > .05) in the amount of weight the cows lost from the end of the winter feeding period until weaning between limit-fed and ad libitum diets. Loerch (1996) observed that after cows were on pasture for 5 mo, there were no differences in weights and BCS between the cows that had previously consumed limited levels of a corn-based diet or ad libitum hay during gestation and early lactation. Cows that had previously consumed ad libitum hay during the winter while grazing pasture and those that received limit-fed corn-hay diets lost similar amounts ( P > .05) of body condition. Cows lost similar ( P > .05) amounts of weight when they had previously received the whole corn-hay diet or the cracked corn-hay diet. Likewise, change in BCS from the end of the treatment until weaning was not different ( P > .05) among treatments. Calving rate also was not influenced ( P > .05) by intake level or by processing of corn in the limit-fed diet. Loerch (1996) stated that cow conception rate tended to favor limitfeeding corn compared to feeding ad libitum hay.
Contrast ( P-value)
Calf average daily gain was not affected ( P > .05) when their dams had ad libitum access to hay compared to receiving limited intakes of corn-hay diets (Table 5 ). In addition, the calves of dams that received cracked corn and the calves of dams that received the whole corn gained similar weight ( P > .05).
Trial 2
There was no calving-date block × treatment interaction ( P > .05); therefore, least squares means of treatments are presented. Dry matter intakes for the two treatment groups are shown in Table 6 . Calves were not restricted from consuming the treatment diets; however, none was observed eating the diet during the feeding period.
Cows fed the control diet lost the same ( P > .05) amount of weight (Table 6 ) as those cows fed the diet that contained fat. The decrease in body condition of the cows was similar ( P > .05) between treatment groups. Both groups of cows had similar ( P > .05) amounts of weight loss and BCS change from the end Table 6 . Effects of supplemental fat in a limit-fed corn-hay diet on primiparous cow and calf performance (Trial 2) a CON = limit-fed cracked corn and hay, FAT = limit-fed cracked corn and hay + 4% supplemental fat. b Body condition score of cows (1-to-9 scale). c From end of winter feeding period until weaning. Table 7 . Effects of supplemental fat in a limit-fed corn-hay diet on milk production and composition (Trial 2)
a CON = limit-fed cracked corn and hay, FAT = limit-fed cracked corn and hay + 4% supplemental fat. b Solids-not-fat. Milk yield and composition are presented in Table  7 . At 52 d postpartum, milk production was not affected ( P > .05) by adding fat to the diet. At the second estimate, 91 d postpartum, milk production was 64.5% higher ( P = .01) for the FAT than for the CON treatment. When fats that contained a higher degree of unsaturation were fed to dairy cows, Nianogo et al. (1991) and Pantoja et al. (1994) observed no difference in milk yield. DePeters et al. (1987) stated that fat supplementation generally improves milk yield. Cant et al. (1993) reported feeding 4% yellow grease improved milk production of first-lactation cows through an increase in fatty acid uptake by mammary tissue from blood. Milk produc- tion decreased 46.7 and 12.0% from the first to the second estimate for CON and FAT treatments, respectively. The quantity of milk produced by all cows was higher than previous reports for Angus and Angus × Hereford cows in early lactation, but the production for the cows receiving CON at 91 d postpartum was similar to previous estimates (Hixon et al., 1982; Sacco et al., 1987; Buskirk et al., 1995) . Adding fat to the diet did not affect ( P > .05) the percentage or amount of milkfat at the first estimate. At 91 d postpartum, 4% dietary fat resulted in a 31.9% reduction ( P < .05) in the percentage of milkfat. Previous research has shown that adding blends of animal-vegetable fats in diets fed ad libitum to dairy cows had either decreased (DePeters et al., 1987) or did not change (Pantoja et al., 1994) milkfat percentage. Schauff et al. (1992) stated that adding 5% or more of unsaturated fatty acids to the diet would likely depress milkfat percentage. Although the percentage of milkfat was decreased due to supplemental fat, the quantity of milkfat produced per day was not different ( P > .05) between treatments.
The percentage of solids-not-fat ( SNF) was reduced ( P < .05) for cows receiving FAT compared to those fed CON at the first estimate, even though the diets contained similar amounts of energy and protein. The daily production of SNF was not different ( P > .05) between the two groups. At 91 d postpartum, the percentage of SNF was lower ( P < .05) for the cows fed the FAT treatment, but due to their higher level of milk production, the quantity of SNF was higher ( P < .05). Several studies have shown the quantity or percentage of SNF to be unaffected by adding fat in diets fed ad libitum to dairy cows (Schauff et al., 1992; Wu et al., 1993) .
The percentage of milk protein was not affected ( P > .05) by the addition of fat to the diet. Adding dietary fat to dairy cow diets either caused a decrease in (Wu et al., 1993; Pantoja et al., 1994; Elliott et al., 1995) or did not change (Nianogo et al., 1991; Schauff et al., 1992 ) milk protein percentage. When milk yield was similar between the two groups of beef cows, there was no difference ( P > .05) in milk protein quantity, but when the level of milk production decreased for the CON group by 91 d postpartum, the milk protein yield was 56.2% higher ( P < .05) for the cows that received supplemental fat.
Trial 3
There were no fat × processing interactions ( P < .05) for apparent total tract digestibility data; therefore, least squares means of treatments are presented. When comparing whole corn to cracked corn in limitfed diets, feeding processed corn resulted in an 11.7% improvement ( P < .05) in DM and OM digestibilities (Table 8) . When diets were fed at levels greater than two times the net energy for maintenance requirement, Turgeon et al. (1983) observed that cracking or finely grinding corn did not influence total tract digestion compared to feeding whole corn. When diets were fed less than twice maintenance, reducing corn particle size increased digestibility of DM (Galyean et al., 1979b; Murphy et al., 1994) . Murphy et al. (1994) reported that the increase in digestibility was primarily the result of increased total tract starch digestibility and that the reduced intake enhanced the improvement in starch digestion. Reducing intake of diets that contain whole corn would decrease the number of kernels, and, therefore, may reduce the physical action of the kernels with one another that normally aids in digestibility of the starch granule (Galyean et al., 1979a (Galyean et al., , 1981 .
Neutral detergent fiber and acid detergent fiber digestibilities were not different ( P > .05), regardless of whether the corn in the limit-fed diet was cracked or whole. Fecal output was decreased ( P < .05) by 16.4% for the cracked corn compared to whole corn. This reduction in fecal output corresponds with the improvement in DM and OM digestibilities. Adding fat to limit-fed diets did not affect ( P > .05) digestibilities of DM, OM, NDF, ADF, or fecal output. Previous research has shown that adding fat to ad libitum diets either did not affect (Zinn, 1992; Ludden et al., 1995) or decreased (Boggs et al., 1987; Schauff et al., 1992) DM and OM digestibilities. The addition of fat resulted in a tendency ( P = .11) for a reduction in NDF digestibility. Nianogo et al. (1991) reported a decrease in total tract cellulose and hemicellulose digestion when fat was fed to dairy cows. Adding fat to diets often causes a reduction in fiber digestion in the rumen (Zinn, 1989) and fats that contain a higher degree of unsaturation have a greater effect on fiber digestion (Zinn, 1989; Eastridge and Firkins, 1991) . When fat was added to dairy cow diets, Pantoja et al. (1994) found a decrease in digestibility of NDF in the rumen, but no difference in total tract NDF digestibility. They concluded that adding an animal-vegetable blend of fat resulted in a shift of NDF fermentation to the lower gut.
Energy values for the feed and fecal samples are presented in Table 8 . The GE of the feed and the GE intake were identical regardless of corn processing. There was a tendency ( P = .08) for a decrease in GE output and an increase in DE for the cracked compared to whole corn diets. This increase in DE is reflective of the improved DM and OM digestibility of the cracked corn diets. Gross energy digestion was less with whole corn than with steamed-whole or steamflaked corn in ad libitum diets fed to steers (Ramirez et al., 1985) .
There were no differences ( P > .05) in GE output or DE concentration of the diet regardless of fat supplementation. When ad libitum diets were fed to steers, Moore et al. (1986) reported that digestion of GE was not influenced by adding fat, and Ludden et al. (1995) found no difference in energy digestion as a percentage of GE intake. In contrast, Schauff et al. (1992) observed that DE as a percentage of GE intake decreased when fat was added to lactating dairy cow diets.
Because there were no time × treatment interactions ( P > .05), ruminal fermentation data were pooled over time. Ruminal pH was not affected ( P > .05) when the corn was cracked or when fat was used in limit-fed diets (Table 9) . When ad libitum diets were fed to steers, Vance et al. (1972) and Galyean et al. (1979a) observed that corn processing did not affect ruminal pH. Previous research has shown that dietary fat in ad libitum diets did not influence ruminal pH (Zinn, 1989; Schauff et al., 1992; Pantoja et al., 1994) .
Although ruminal pH was not different, feeding cracked corn caused a reduction ( P < .05) in total concentration of VFA. The decrease in total VFA was primarily the result of a 13.9% reduction ( P < .05) in concentration of acetate. The concentration of acetate as a percentage of total VFA was also lower ( P < .01) for cracked than for whole corn. Vance et al. (1972) found that when all-concentrate diets were fed, the molar percentage of acetate was higher for crimped corn than for whole corn; however, the opposite was true when corn silage was added to the diet. Cole et al. (1976b) found that increasing the roughage level from 0 to 14% in a whole shelled corn diet resulted in increased molar percentage of acetate, but this increase was not observed when cottonseed hulls were added at 21%. Concentrations of propionate, butyrate, Figure 1 . Effect of feeding cracked corn-hay (CC), cracked corn-hay with 4% fat (CC + FAT), whole cornhay (WC), and whole corn-hay with 4% fat (WC + FAT) diets on ruminal NH 3 N over time. WC + FAT increased ruminal NH 3 N (P < .05).
valerate, isobutyrate, and isovalerate in ruminal fluid were not influenced ( P > .05) by corn processing. The reduction in acetate concentration resulted in an 11.3% decrease ( P < .05) in the acetate to propionate ratio when feeding cracked vs whole corn.
The addition of fat to the diets did not influence ( P > .05) the concentrations of total VFA or individual VFA. No differences in concentrations of VFA were observed by Pantoja et al. (1994) or Schauff et al. (1992) when fat was added to diets. The acetate to propionate ratio also was not affected ( P > .05) by supplemental fat. Previous research has shown either no change (Pantoja et al., 1994) or a decrease (Zinn, 1989; Schauff et al., 1992) in acetate to propionate ratio with the addition of fat.
There was a time × fat × processing interaction ( P = .05) for ruminal ammonia (NH 3 N ) concentration, so data are presented over time (Figure 1 ). The level of rumen NH 3 N for the WC + FAT diet was significantly higher than for the WC treatment but was similar ( P > .05) to the other treatments 1 h after feeding. Ammonia levels for WC + FAT remained higher ( P < .05) than for the other three treatments from 3 h through 15 h after feeding. The higher levels of rumen NH 3 N could be the result of decreased incorporation of ammonia by ruminal microbes into microbial protein due to decreased available substrate. By 18 h after feeding, rumen NH 3 N for steers receiving WC + FAT was not different ( P > .05) from CC + FAT and WC treatments but remained higher ( P < .05) than CC. Just before the next feeding, there was no difference ( P > .05) in the NH 3 N level among treatments.
Ruminal kinetics are presented in Table 9 . The fluid dilution rate and particulate passage rate were not affected ( P > .05) when cracked vs whole corn was used in the limit-fed diet. Leonard et al. (1989) did not find any difference in liquid or particle passage rate when ground corn was compared to whole corn in ad libitum diets. Retention time of steamed-whole and steam-flaked corn were lower than that of whole corn when intakes were not restricted (Ramirez et al., 1985) .
Fluid dilution rate and particulate passage rate were not affected ( P > .05) by supplemental fat. Miner and Petersen (1989) and Clary et al. (1993) reported that supplemental fat in ad libitum diets did not affect fluid dilution rate, flow rate, turnover rate, or rate of passage. Zinn (1989) stated that when yellow grease or animal-vegetable blends of fat were fed, reductions in cellulolytic activity decreased fiber digestion and also reduced passage rate. Similar decreases in passage rates were found when partially hydrogenated tallow was fed to steers, and, as the level of fat increased, there was a greater reduction in passage rate (Patil et al., 1993) .
Implications
Results of this study indicate that limit-feeding a corn-hay diet is a viable alternative to feeding ad libitum hay. Although feeding cracked corn in limitfed diets did improve dry matter and organic matter digestibilities, no improvements in cow or calf performance were observed. Therefore, processing of corn used in early lactation beef cow diets fed at restricted intake is not necessary to maintain adequate performance when cows are in acceptable body condition. Adding up to 4% fat can provide a supplemental energy source in limit-fed corn-based diets without any detrimental effects on cow or calf performance, diet digestibility, or ruminal fermentation.
